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EITRODUCTICB 

General  Thoorlce  of  Corrosion 

The  problem  of  corrosion  of  metals  has  long  been  of  economic 
significance,  and  a great  amount  of  work  has  been  done  in  the  field. 

It  has  been  estimated  that  as  much  as  two  per  cent  of  the  total  tonnage 
of  metal  In  use  oust  be  replaced  annually  due  to  corrosion,  and  that  a 

qulred  to  replace  that  rendered  unserviceable  by  corrosion.  It  has  also 
been  estimated  that  the  annual  loss  to  the  United  States  through  the 
corrosion  of  metals  is  approximately  five  to  five  and  one-half  billion 
dollars.^  Thus  research  toward  a better  understanding  of  corrosion 
processes  and  mechanisms  is  of  preat  iroortance. 

Corrosion  is  defined  as  the  destruction  of  a metal  by  sons 
chemical  or  electrochemical  action  of  the  enviroment,  and  is  distin- 
guished frcn  erosion,  which  is  the  mechanical  destruction  of  a metal 
by  abrasion.  The  two  often  combine,  however,  to  give  an  accelerated 
action  to  the  destruction  of  a metal.  For  the  purposes  of  tM«  discus- 
sion only  corrosion  will  be  considered. 

A survey  of  the  literature  indicates  that  there  are  at  least 
six  theories  which  have  been  advanced  to  evpinin  the  corrosion  mechanism. 
These  are  particularly  sell  suamarized  by  Speller.2  Several  of  these 


have  been  proved  to  be  in  error,  end  others  have  been  discarded  for 
rant  of  sufficient  evidence.  The  role  of  arygen  has  been  well  studied 
and  is  probably  the  best  understood  of  any  substance  wlilch  may  cause 
corrosion. 

At  present,  perhaps  the  most  widely  accepted  theory  of  the 

Whitney,^  in  1903,  advanced  the  idea  of  a cell  in  which  iron  was  the 
one  electrode  and  hydrogen  the  other.  This  theory  has  been  expanded 
with  regard  to  solutions.  A survey  of  the  literature  Indicates  that 
it  is  nor  the  only  generally  accepted  idea. 

According  to  this  theory,  since  each  metal  has  a tendency  to 
form  ions  in  solution,  caaaonly  called  the  electrode  potential,  ions 
are  farmed  at  some  point  on  the  surface  of  the  metal  and  the  metal  goes 
into  solution.  In  order  to  maintain  electrochemical  neutrality  some 
ion  already  in  solution  must  be  plated  out.  In  the  simplest  case,  that 
of  an  acid  ablution,  hydrogen  is  evolved.  In  effect,  a small  galvanic 
call  is  established,  the  anode  being  at  that  point  at  which  the  metal 
goes  into  solution,  and  the  cathode  that  point  at  which  a corresponding 
reduction  takes  place.  In  the  simplest  cases,  hydrogen  may  be  evolved 
as  gaseous  molecular  tydrogen,  or  the  atomic  lydrogen  may  be  casbined 
with  oxygen  to  give  rater.  The  basic  reactions  for  such  cases  with  a 
divalent  metal  present  are  as  followi 

1.  »4I4,*2« 

2.  2 IIjO  * 2 e •*  2 Cfl”  ♦ 2 H 

3.  2 H -*  % 

It.  2 H ♦ 1/2  02 -»  2 H20 


The  overall  reaction  for  an  add  solution  nay  thus  be  eusaarizedj 
If  ♦ 2H+  % 

The  corresponding  reaction  in  neutral  or  alkaline  solution  in  which 
oxygen  is  present  isi 

K*l/2  02*Hg0-*«t+*2CB' 

The  role  of  oxygen  la  thus  that  of  a cathodic  depolarieer.  It 
removes  the  film  of  hydrogen  formed  at  the  cathode,  thus  alluring  the 
reaction  to  continue,  and  also  reduces  any  counter  electromotive  farce 
which  may  be  built  up  by  products  of  the  corrosion  reaction. 

Support  to  the  idea  that  oxygen  acts  as  a cathodic  depolariser 
is  given  by  the  work  of  Evans.*1  He  was  able  to  shor  that  the  center 
of  a drop  of  electrolyte  an  a metallic  surface  automatically  becamo  the 
anode  of  a galvanic  cell,  and  the  edge  at  which  oxygen  was  readily  avail- 
able became  the  cathode.  In  situations  wherein  oxygen  was  readily  acces- 
sible throughout  the  area,  other  factors  determined  the  anodic  and  ca- 
thodic areas. 

The  role  played  in  the  corrosion  mechanism  by  compounds  knom  to 
accelerate  the  destruction  of  a metal,  particularly  iron  or  stool,  is  not 
completely  clear.  Evans**  states  that  in  the  presence  of  oxidising  acids 
the  cathodic  reaction  of  the  galvanic  cell  consists  of  the  reduction  of 
the  mrtd<«lng  agent,  and  that  in  such  caseB  there  is  no  reason  to  b elieve 
that  there  are  distinct  anodic  and  cathodic  areas.  He  assirass  that  the 
anodic  and  cathodic  portions  of  the  cell  proceed  alternately  at  the  same 
point,  or  concurrently  at  points  exceedingly  close  together. 


u 

In  the  case  where  two  different  metals  are  present  in  a con- 
ducting solution,  it  has  been  well  established  that  the  mechanism  is 
that  of  a galvanic  cell,  the  anode  and  the  cathode  being  determind  by 
the  relative  positions  of  the  metals  in  the  electromotive  series  as  sell 
6.7 

as  by  the  enviroment.  This  same  action  may  be  responsible  for  attack 
under  conditions  in  which  the  surface  of  the  metal  is  not  hcoogsnous,  as 
for  example,  the  presence  of  mill  scale  on  polished  iron  surfaces,  dears 
and  Brown®  have  investigated  many  other  factors  which  may  be  responsible 
for  the  setting  up  of  potential  differences  between  different  parts  of 
a metal  surface. 

Attempts  have  been  made  to  classify  acne  f eras  of  corrosion  in 
solution  as  'direct  chemical  attack.'  This  must  be  regarded  as  arbitrary 
in  nature  in  that  while  a gain  and  loss  of  electrons  is  postulated,  the 
term  "electrochemical"  is  used  only  if  the  anodic  and  cathodic  areas  can 
be  separated.  The  mechanise  is  essentially  the  same  for  either  case. 
Perhaps  the  best  sunmary  is  that  given  by  Speller  i*' 

The  msnber  of  factors  involved  and  thair  effect  on  each  other 
is  sometimes  bewildering.  When  water  is  present,  the  primary 
reactions  are  electrochemical  ...  but  no  matter  how  the  reader 
may  interpret  the  effect  of  the  many  influences  bearing  on  these 
phenomena,  most  of  the  underlying  fundamental  reactions,  without 
which  corrosion  cannot  occur,  are  now  recognized  as  electro- 
chemical ... 

The  electro chemical  attack  may  be  stifled  when  the  solution  is 
capable  of  yielding  a sparingly  soluble  substance  as  a direct  anodic  pro- 
duct. The  formation  of  a slmillar  cathodic  product  may  also  slow  down 
corrosion  by  preventing  the  release  of  hydrogen  or  the  substance  normally 
appearing  at  the  cathode.  Either  type  of  action  is  known  aa  inhibition 
and  agenta  which  provide  thla  action  are  constantly  nought.  Maty  ore  well 
known  and  are  commonly  used. 
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Another  mechanism  by  which  corrosion  nay  be  prevented  or  greatly 
slcared  doen  la  that  of  passivation.  Passivation  is  best  generally  de- 
fined by  Uhlig  and  Uearsi*0 

A metal  or  allay  is  passive  when  it  substantially  resists 
corrosion  in  an  enviroment  where  thermodynamically  there  is  a 
large  free  energy  decrease  associated  with  its  passage  from  the 
metallic  state  to  appropriate  corrosion  products. 

A familiar  case  of  such  action  is  iron  in  concentrated  nitric  add 
solutions.  The  difference  between  passivation  and  inhibition  may  beat 
be  understood  by  considering  that  passivation  deals  with  changes  in  ar 
on  the  surface  itoelf , while  inMMtdnn  riaalB  with  changes  in  the 
corrosion  process  by  the  envircasent.  A metal  may  conceivably  be  pas- 
sivated by  treatment  in  one  environment  and  used  with  sane  freedom  from 
corrosion  in  another,  whereas  the  inhibitor  must  be  within  the  environ- 
ment in  which  the  metal  is  to  be  used  and  such  treatment  will  not  aid 
in  faeeden  from  corrosion  in  any  other  environment.  Uhlig  and  Hears, 

11  12 

Ivans,  and  KLdredgs  and  Earner  give  excellent  discussions  of  these 
subjects. 

Essentially  the  method  by  which  corrosion  is  prevented  in  either 
case  is  some  type  of  film  formation.  Evans'*"*’  states!  . .most  cases 
of  passivity  . . . appear  to  be  attributable,  directly  or  indirectly  to 

holds  view. 

In  the  absence  of  solutions  it  has  been  noted  that  maiy  agents 
attack  metals  with  resultant  corrosion.  These  effects  hove  been  partic- 
ularly studied  at  elevated  temperatures.  This  aetiaa  is  also  loosely 
classified  as  direct  chemical  action,  ailey1*1  states! 


The  presence  of  sulfur-containing  gases  and  moisture  appreciably 
increases  the  oxidation  rats  of  copper.  Iron,  and  cuuy  other  metals 
and  alloys  in  air  . . . The  mechanism  of  the  behaviour  of  these 
constituents  is  not  sell  knoen. 

Methods  of  Corrosion  Testing 

Corrosion  tests  may  be  divided  into  tiro  types,  those  riiich  dupli- 
cate full  service  conditions,  and  those  which  nay  be  performed  under 
special  conditions  either  in  the  laboratory  or  under  other  non-service 

From  the  standpoint  of  practical  knowledge  to  be  derived  from 
the  tests,  those  performed  under  full  service  conditions  are  ty  far  the 
superior  type.  In  that  exact  performances  of  a particular  piece  of  equip- 
ment became  known.  However,  this  type  of  test  oust  of  necessity  be  expen- 
sive and  time  consuming.  The  time  necessary  far  the  test  oust  be  ss  long 
as  tbs  life  of  the  equipment  or  at  least  for  a period  long  enough  that  the 
practical  use  of  the  equipment  is  indicated.  Duplicates  of  the  items 
tested  must  be  mads  of  as  margr  materials  as  are  necessary  to  include 
those  which  are  satisf  ctory,  although  previous  knowledge  may  somewhat 
narrow  this  field,  Fras  the  theoretical  standpoint,  such  tests  do  not 
attempt  to  define  or  evaluate  the  probable  mechanism  of  the  corrosion 
reaction.  These  tests  do,  however,  eliminate  the  neoessity  for  the  con- 
trol of  a greet  many  variables  which  may  be  present  should  the  equipment 
be  tested  In  another  manner. 

Laboratory  testing  has  therefore  found  a large  variety  of  appli- 
cation in  tbs  field  of  corrosion  studies,  and  many  tests  have  been  devised 
to  fit  a multitude  of  conditions.  Bar  gaum1’’  classifies  these  tests  into 
five  categories! 


lo  select  the  most  suitable  material  for  withstanding 
definite  environment. 


3.  To  develop  new  alloys. 

U.  To  determine  environments  in  which  a given  material  can  be 
satisfactorily  used. 

$.  To  serve  as  a control  test  for  the  achievement  of  uniformity 
of  a product. 

The  widest  variety  of  laboratory  tests  are  those  designed  to 
study  the  nechanian  of  a corrosion  reaction.  These,  as  a rule,  are 
artificial  In  nature  in  order  to  control  a particular  variable  for  which 
the  test  Is  desisted.  While  they  do  lead  to  a better  understanding  of 
the  corrosion  mechanism,  the  practical  results  may  be  misleading  due  to 
the  conditions  imposed  by  the  test.  Methods  of  measurement  are  varied, 
but  are  usually  of  such  nature  that  the  teste  can  be  held  to  extremely 
close  limits. 

In  the  past  several  years,  laboratory  tests  known  as  accelerated 
corrosion  teste  have  been  used.  These  testa  are  designed  to  give  infor- 
mation on  the  behaviour  of  materials  under  service  conditions  in  a re- 
latively short  time.  In  general,  these  teste  have  been  unsuccessful  in 
that  certain  factors  must  be  intensified  in  order  to  cause  measurable 
amounts  of  corrosion  in  short  time  intervals.  This  introduces  conditions 
which  are  not  comparable  to  thoee  encountered  in  service.  Some  of  these 
teste  are  the  salt  spray  test,  the  add  immersion  test,  and  the 
atmosphere  test.  There  are  literally  hundreds  of  other  tests  described 
In  the  literature  of  corrosion  which  are  designed  to  meet  a particular 


set  of  conditio 


s 

The  most  cannon  methods  of  reporting  corrosion  deal  with  the 
effect  upon  the  metal  corroded.  Perhaps  the  most  widely  need  is  the 
loss  of  weight  of  the  metal  sample.  This  may  be  measured  in  units  of 
weight  per  unit  of  time,  or  units  of  weight  per  unit  of  surface  exposed. 
There  are  several  objections  to  this,  one  being  the  necessity  fcr  re- 
moval of  any  corrosion  products  in  order  that  the  metal  specimen  may 
be  accurately  weighed.  This  type  of  testing  ordinarily  necessitates 
the  use  of  a great  many  specimens,  which  must  be  exactly  slmiltar  in 
all  respects,  in  order  to  gain  information  on  the  time-rate  of  corrosion. 

A second  method  of  measurement  is  the  gain  of  weight  of  the  metal 
specimen  and  this  is  usually  reported  in  a manner  similiar  to  that  des- 
cribed above.  This  also  has  several  objections.  It  is  necessiry  to 
analyse  the  apparent  corrosion  product  In  order  to  determine  the  loss 
of  metal.  It  is  easily  possible  that  all  corrosion  products  do  not 
retain  firmly  fixed  on  the  specimen  and  loss  of  any  of  the  material 
would  give  erroneous  results.  The  amount  of  moisture  from  solutions 
contained  in  the  corrosion  products  may  vary,  and  unless  careful  pro- 
cedures are  followed,  this  may  give  a false  result.  In  neither  this 
method  nor  the  one  previously  cited  are  special  methods  of  attack  mea- 


A third  and  perhaps  even  more  difficult  method  of  measurement 
ecnmonly  used  is  the  depth  of  pitting  of  the  specimen  caused  by  corrosion. 
This  is,  at  best,  difficult  to  obtain  with  aocuraey,  and  again,  in  order 
to  obtain  time-rates  a great  number  of  specimens  must  be  used. 

While  these  are  by  no  means  all  of  the  possible  means  of  neasure- 


of  corrosion  of  the  metal  specimen  Itself,  they  are  the  methods  most 


within 


In  the  methods  of  testing  and  measurement  discussed  thus  far. 


which  is  measured.  Another  type  of  testing,  and  the  one  which  has  been 
used  in  this  work,  is  the  effect  of  the  metal  upon  the  environment.  This 
type  of  test  gives  valuable  information  on  the  manner  in  which  the  cor- 
roding agent  is  consisted  in  the  corrosion  process.  Kith  proper  control, 
Information  about  aide  reactions,  the  order  of  reaction  with  regard  to 
the  corroding  nedim,  and  the  possibility  of  variances  in  rate  during 


the  process,  may  be  obtained.  This  method  has  not  been  greatly  used  in 
the  past  and  a good  evaluation  of  the  method  as  compared  to  tbs  more 
cooson  methods  is  not  available.  One  objection  that  baa  been  made  is 
that  it  does  not  give  much  information  as  to  the  mechanism  of  the  attack 
upon  the  metal  itself.  While  this  is  quite  possibly  the  case  in  so  far 
as  quantitative  measurements  are  concerned,  it  would  seem  that  qualitative 
evaluation  with  regard  to  pitting  and  area  of  attack  should  be  aa  readily 
available  with  this  method  as  with  many  others.  In  tbs  past,  the  analysts 
of  a corroding  medium  for  a desired  constituent  has  been  tedious  and  in 
acme  cases  almost  impoe Bible  due  to  the  difficulty  in  detecting  email  con- 


stituent lie  within  the  limits  of  error  of  the  analysis.  It  has  also  been 
necessary  to  use  many  specimens  in  order  to  establish  a rate  of  corrosion 
since  it  is  necessary  to  destroy  a particular  reaction  in  order  to  measure 
the  concentration  of  the  constituent  at  any  particular  tins. 
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application  of  the  polarographlc  technique,  most  of  these 
objections  have  been  overcone.  It  is  readily  feasible  to  make  success- 
ive measurements  of  minute  quantities  of  a constituent  in  a solution 
with  satisfactory  accuracy  and  precision.  Kolthoff  and  Lingms^  state 
that  the  accuracy  of  the  polarographlc  method  is  of  the  order  of  plus 
or  ninua  two  per  cent  within  the  concentration  range  10”®  and  kH*  molar, 
and  plus  or  minus  five  per  cent  between  lCf*1  and  10“*  molar.  This  com- 
pares very  favorably  with  the  accuracy  of  other  micro-analytical  methods. 

Essentially  the  polarograph  is  an  instrument  which  permits  a 
qualitative  and  quantitative  analysis  for  the  constituents  of  a solution 
ty  means  of  measured  reduction  currents  resulting  Stm  the  application 
of  gradually  increasing  cathodic  potentials  to  a dropping  mercury  or 
rotating  platinua  electrode.  A cathodic  wave  is  recorded  by  one  of 
several  means,  the  abscissa  being  the  applied  electromotive  force,  and 
the  ordinate  the  current  passing  through  the  cell.  The  height  of  the 
wave  thus  recorded  is  a measure  of  the  limiting  diffusion  current  of  the 
Ion  or  molecule  being  measured  and  therefore  of  the  concentration  of  the 
substance.  The  reduction  potential  of  the  substance,  which  is  the  point 
at  which  the  wave  is  recorded,  is  characteristic  of  that  ion  or  molecule. 
Substances  having  reduction  potentials  of  £raa  0.0  volts  to  -2.U  volts 
with  respect  to  the  saturated  calonel  electrode  may  be  determined  in  this 

The  quantity  of  a substance  reduoed  in  a polarographlc  analysis 
is  so  small  compared  to  the  bulk  concentration  of  the  same  material  that 
any  changes  in  concentration  due  to  the  analysis  may  be  disregarded  for 
any  range  in  which  the  instrument  is  usable.  Thus,  successive  analyses 


Units 


of  the  mechanical  factors  of  the  instrusent  permit.  Far  a hand  operated 
machine  from  which  only  a quantitative  analysis  is  desired,  it  nay  be 
possible  to  cosplete  the  determination  within  ten  seconds  fcr  each  run 
desired.  For  the  total  range  of  a camera  recording  machine  such  as  the 
Sargent-Heyrovsiy  Uodel  12,  three  to  five  minutes  are  necessary,  although 
it  is  rarely  necessary  to  utilise  mare  than  one  third  of  the  possible 
voltage  span.  It  is  thus  apparent  that  if  the  desired  subetance  may  be 
determined  polarographically,  this  method  is  ideal  for  the  eatabl 1 slment 
of  a time-rate  curve  eince  the  solution  is  not  changed  ty  the  analysis. 

17 

Burns  suggested  the  use  of  the  polarograph  in  corrosion  studies 
of  soluble  metal  lone  such  as  lead.  He,  In  1937,  compared  the  rates  of 
the  solution  of  two  grades  of  lead  in  distilled  water  ty  measuring  the 
rates  polarographinal ly.  It  is  sell  to  note  here  that  since  many  metal 
loos  are  reducible  at  the  dropping  mercury  electrode,  it  should  be  possible, 
in  many  cases,  to  measure  tbs  concentration  changes  of  such  ions  appearing 
in  a corrosion  prooess. 

The  first  use  of  the  polarograph  to  study  changes  In  the  corroding 
18 

medium  was  made  ty  Tan  Ryseelberghs  and  his  co-workers  at  the  University 
of  Oregon  in  connection  with  Office  of  Naval  Research  Projects  in  which 
the  roles  of  oxygen  and  carbon  dioxide  in  the  corrosion  process  ware  sought. 

Reports  of  this  work  were  published  in  19U8.19  This  article  was  published 
20 

In  toto  in  Corroeion  in  1950  because  of  the  intense  interest  in  this  type 
of  test. 

21 

ltlttelborger  and  Kim  have  used  a modified  form  of  polaro graphic 
analysis  to  determine  the  effect  of  various  aqueous  solutions  upon  the 
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reactions  at  pare  Iron  anodes.  It  is  questionable  that  this  work  is 
strictly  polaroiyaphic  in  nature,  os  the  term  is  ordinarily  employed, 
in  that  iron  cathodes  and  anodes  were  used  and  therefore  the  curves 
obtained  are  not  comparable  to  those  ccmonly  encountered.  It  should 
probably  be  defined  as  voltammetry  as  discussed  ly  Kolthoff  and  Lingane.22 

further  work  using  the  polarographic  method  of  studying  changes 
in  the  corroding  media  is  being  undertaken  at  the  present  tine  under  con- 
tracts with  the  Office  of  llaval  Research  at  the  University  of  Oregon.2^ 
There  are  certain  objections  to  the  polarographic  methods  of 
study  which  should  be  pointed  out.  Since  the  method  is  micro-analytical 
in  nature  and  the  volume  of  the  solution  used  is  ordinarily  less  than 
fifteen  milliliters,  it  Is  difficult  to  realize  the  ratio  of  test  solution 
to  area  of  the  metal  specimen  which  Is  recamaended  far  lebaratcay  tests 
by  sane  investigators,  besley21*  roccrrcnds  that  this  ratio  by  four  liters 
of  solution  per  square  decimeter  of  metal  sample  for  simulated  service 
tests.  This  would  necessitate  a metal  surface  of  approximately  O.Oli 
square  centimeters  in  a fifteen  milliliter  cell.  Obviously,  errors  in 
measurement  of  sample  size  are  readily  possible  if  tbisnre  followed. 
Consequently,  if  this  ratio  must  be  exceeded,  erroneous  information  due 
to  accentuated  conditions  must  be  recognized  if  a service  comparison  Is 
desired,  with  extremely  small  samples,  nen-hcmogeneity  of  ary  portion 
of  the  metal  will  appear  in  a manner  out  of  proportion  to  the  true 
picture  of  the  over-all  corrosion.  An  objection  to  any  test  which  must 
be  oarried  out  in  a restricted  volume,  is  that  the  rate  of  corrosion  in 
such  a volune  often  varies  greatly  from  that  when  an  unlimited  stpply  of 
the  corroding  mediua  is  available.  Hence,  Information  derived  in  one 
case  is  not  strictly  applicable  in  all  others. 
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Ilonrever,  the  rapidity  with  which  the  polarographlc  tests  may 
be  run,  the  accuracy  and  precision  of  the  analytical  method,  and  the 
large  amount  of  information  which  may  be  obtained,  give  a definite 
place  In  the  study  of  corrosion  nochanlma  to  this  procedure, 

Whatever  the  method  used  In  corrosion  testing,  the  goal  in 
measurement  is  reproducibility  of  results.  For  this  reason,  preparation 
of  the  sample  to  be  tested  is  of  great  Importance.  Factors  which  must 
be  closely  controlled  are  the  clean! Inn as  of  the  cample,  the  else  of 
the  sample  If  comparisons  are  to  be  made,  the  presence  and  nature  of 
surface  films,  the  condition  of  the  surface  with  regard  to  pitting  and 
aaoothnees,  and  the  hcoogeneity  of  the  surface  of  the  sample.  Knapp 
gives  an  excellent  discussion  of  the  methods  of  preparation  of  a metal 
sample  for  weight  loss  tests.  The  procedures  which  be  illustrates,  in 
general,  are  the  earns  for  any  laboratory  corrosion  test. 

The  manner  in  which  the  sample  is  presented  to  the  corroding 
medium  must  also  be  strictly  controlled.  For  this  reason  standard  methods 
of  testing  have  been  evolved.  The  American  Society  for  Testing  Materials 

and  journal  articles.  Another  series  of  standard  tests  are  to  be  found 
in  Federal  Specifications  for  testing  materials.  Many  of  the  technical 
societies  have  also  published  standards  for  corrosion  tests  far  various 
materials  in  which  they  have  a particular  interest. 

Corrosion  by  Sulfur  Dioxide 

In  19U8,  Doctor  I.  A.  Lonnie  an, chief  of  the  Underground 
Corrosion  Section  of  the  National  Bureau  of  Standards,  suggested  to 


u* 

Doctor  Arain  H.  Qropp  of  the  University  of  Florida,  that  since  little 
is  Imaen  of  the  oarroeioo  process  when  compounds  of  sulfur  are  present, 
a polaro graphic  study  of  such  a process  would  be  of  value. 

Since  there  are  a great  number  of  sulfur  compounds  which  may 
take  part  in  the  corrosion  process  and  an  almost  unlimited  number  of 
metals  and  alloys  which  night  be  affected,  the  suggestion  was  refined 
to  <nfinH«  only  one  of  the  greater  offenders,  sulfur  dioxide,  with  pure 
iron  and  a series  of  ferrous  alloys. 

Tests  on  sulfur  dioxide  corrosion  have  been  divided  into  two 
predmlnate  groups)  those  at  elevated  temperatures,  and  those  in  solution 
and  in  the  atmosphere  at  ordinary  temperatures.  Discussion  will  be  re- 
stricted to  the  latter  group  to  confine  the  topic  to  the  subject  of  this 
work. 

Thompson23  states  that  in  the  case  of  atmospheric  corrosion, 
sulfur  dioxide  is  the  predominate  corroding  agent.  Clarke^®  shwe  that 
sulfur  dioxide  is  the  chief  constituent  of  the  air  which  af facta  indoor 
corrosion  and  shows  that  it  readily  corrodes  steel  and  nickel  when  the 
relative  hunidity  is  over  seventy  per  cent.  Tolley29  has  also  sheen 
that  the  presence  of  water  vapor  with  sulfur  dioxide  increases  tbo  cor- 
rosive effect.  Karnltskli  and  Golubev10  have  Ehowr.  that  in  sulfuric 
acid  and  hydrochloric  add  solutions  containing  dissolved  sulfur  dioxide, 
the  corrosion  is  proportional  to  the  concentration  of  the  sulfur  dioxide, 
Idinov  and  Andreeva31  have  sheen  that  chromium-nickel,  and  chromlm, 
nickel,  and  nanganese  steels  are  resistant  tonrd  moist  sulfur  dioxide  but 
that  other  metals  are  attacked.  The  Corrosion  Handbook32  indicates  that 
ordinary  Iron  and  steels  are  not  suitable  for  use  with  either  moist  sulfur 


35 


dioxide  or  sulfurous  add,  but  that  certain  special  alloys  nay  be 
used.  Speller^  states  that  sulfur  dioxide  fuses  free  sulfur  burners 
say  be  handled  in  cast  Iron  without  unduo  corrosion  so  long  as  the 
temperature  is  high  enough  to  prevent  condensation  of  aoisture  and  re- 
sultant liquid  sulfurous  acid,  but  that  lead  oust  be  used  if  this  is 
not  feasible. 

It  is  then  apparent  that  a problem  exists  in  that  the  presence 
of  sulfur  dioxide  in  solutions  and  in  soist  atmospheres  accelerates  the 
rate  of  corrosion  of  most  petals,  but  that  apparently  little  is  known 
of  the  reason  for  this  behaviour.  It  is  beyond  the  scope  of  this  work 
to  determine  if  it  is  possible  to  differentiate  between  moist  sulfur  di- 
in the  absence  of  evidence  to  the  contrary,  the  behaviour  must  be  essen- 
tially the  same  in  either  case. 


Gossan  and  co-workers^1  first  showed  the  possibility  of  re- 
sell defined  waves  in  one-normal  hydrochloric  acid.  They  further 
shewed  that  no  reduction  occurred  in  neutral  or  alkaline  solutions. 
Kdthoff  and  UlUer^"’  extended  this  work  and  showed  that  lfcile  sulfur 
dioxide  Is  readily  reduced  in  add  solution,  the  wave  height  found  was 
dependent  upon  the  p fi  of  the  solution,  and  that  with  constant  concen- 


tration of  the  sulfite  or  sulfur  dioxide,  it  decreased  with  increasing 
pH.  In  strongly  add  solution  only  one  save  was  found,  but  at  a pH  of 
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than  six.  The  half  wave  potential  in  one-noxcal  hydrochloric  add  aas 
found  to  be  -0.2  volts  with  respect  to  the  saturated  calomel  electrode 
although  this  varied  with  the  supporting  electrolyte. 

Goman  and  his  co-workers^1  assumed  that  the  wave  found  in 
■drf  solution  was  due  to  the  reduction  of  the  sulfur  Hi/nriii*  to  the 
hyposulfite  icm 

2 8%  ♦ 2 e -»  S^" 

Kolthoff  and  Killer^  could  not  canfirn  this  and  postulated  that  two 
electrons  are  required  for  the  reduction  of  one  molecule  of  sulfur 

SOg  ■*  2 H*  ♦ 2 s — ♦ HjSOg 

They  obtained  a calculated  diffusion  constant  from  their  data  which 
was  in  agreement  with  the  theoretical  value  for  a two  electron  reduction. 

increasing  pH,  Gosman^*  assumed  that  sulfurous  acid  is  reduced  and  that 
an  extranely  slew  equilibrium  exists  i 

H*  ♦ ESOj"  2 HgSOj 

Kolthoff  and  mn^  believe  this  to  he  an  ex- 

planation, since  in  the  electrodeposition  of  hydrogen  at  the  dropping 
mercury  electrode  from  solutions  of  weak  adds,  the  attainment  of  the 
diseodation  equilibrium  is  found  to  be  faster  than  the  speed  of  the 
electro-reduction.  They  postulate  that  sulfurous  add,  like  phosphorous 
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Fora  I 1b  the  maker  acid  of  the  two  and  le  reducible  whereas  fora  H 
is  stronger  and  osidl sable. 

They  then  assone  that  at  intermediate  pH  values,  in  the  neighbor- 
hood of  pH  three  for  example,  moat  of  IX  may  be  present  in  the  ionised 
fora  and  I present,  for  the  most  part,  in  the  un-ionisod  fora.  Thus,  at 
such  a pH  only  a small  fraction  of  the  total  sulfur  dioxide  may  be  pre- 
sent as  fora  I and  the  greater  part  as  fora  II.  Since  they  consider 
only  I measured  ty  the  polaroEraph,  this  may  result  in  a smaller  rave 
for  a given  concentration  of  sulfur  dioxide  than  when  the  equilibria! 
is  such  that  more  is  present  in  the  reducible  fora.  Wth  increasing  pH 
then,  that  fraction  of  the  sulfur  dioxide  present  as  fern  I increases, 
and  depending  upon  the  oqullUrltsu  constant  giving  the  ratio  batmen  I 
and  n,  and  the  hydration  constant  of  sulfur  dioxide,  most  of  the  sulfur 
dioxieto  may  be  found  In  fora  1 in  strongly  add  media.  If  fora  I (ionised 
end  un-ionlsed)  iB  reducible  at  the  dreyping  mercury  electrode  and  the 
speed  of  tranaformatlon  of  H to  I is  relatively  smell,  it  la  evident 
that  the  height  of  the  wave  should  be  dependent  upon  the  pH,  unlees  the 
dehydration  of  eulfurous  acid  to  sulfur  dioxide  is  add  catalysed. 

It  must  he  noted  here  that  Kolthoff  and  Hiller3^  obtained  sul- 
furous  acid  by  adding  solutions  of  sodium  sulfite  to  strong  add  or  buffer 

far  this  problem,  it  was  felt  that  the  easiest  way  to  o 


of  reagent  (yade  sodium  bisulfite  to  a buffered  add  solution  In  the  pH 
range  desired.  This  was  abandoned  when  It  was  found  that  when  this  pro- 
cedure was  followed  in  acetate  and  dtrate  buffers  In  the  neighborhood 


of  pH  5,  the 


height  gradually 


several  hours  after  the  original  addition  of 


the  bisulfite. 


This  was 


not 


the  solution,  the  nsxlmm  wave  height  occurring  immediately.  Evidently 
some  equilibrium  concerned  with  a fora  of  sulfur  dioxide  which  is 
measured  must  be  attained.  The  author  is  not  prepared  to  state  at 
this  time  whether  this  is  because  the  reaction  between  the  sulfite  or 
bisulfite  and  the  add  buffer  is  relatively  slow,  or  whether  this  re- 
action is  rapid,  and  the  attainment  of  a measurable  fora  is  slow,  and 
is  of  the  order  postulated  by  Kolthoff  and  Hiller.  Since  a method  of 

suited  to  the  needs  of  the  problem  was  found,  no  further  work  was  done 
an  the  subject.  It  is  to  be  hoped  that  this  may  be  done  at  sons  future 
date.  The  method  used,  and  the  results  obtained  by  its  use,  will  be 
discussed  in  a later  section  of  this  dissertation. 

It  must  be  ecqjhaslaed  that  the  reductions  of  sulfur  dioxide  so 
far  discussed  pertain  only  to  the  reductions  at  the  dropping  mercury 
electrode  in  the  analysis  of  this  compound.  They  may  not  bo  those  which 
pertain  to  the  reduction  of  sulfur  dioxide  in  the  corrosion  process  and 
may,  in  fact,  have  little  to  do  with  those  mechanisas. 


IS 

Statement  of  Problem 

A etody  of  the  corrosion  of  several  Iren  and  steel  alleys  In 

emphasis  lias  been  placed  1900  the  Initial  phases  of  the  corrosion  and 
upon  the  rates  of  corrosion  with  special  regard  to  changes  In  these  rates. 
It  was  hoped  that  sene  contribution  could  bo  made  with  regard  to  possible 
mechanisms  of  the  sulfur  dioxide  problem  concerning  which  little  except 
empirical  data  are  available. 


cHAPra  n 


A Sargent-Heyrovslqr  Uodel  XU  photographically  recording  polaro- 
graph  naa  used  far  this  work.  The  circuit  for  this  instrument  Is  shasn 
in  Figure  1.  Information  concerning  the  mechanical  construction  and 
sensitivity  of  the  polarograph  is  contained  in  the  instruction  paaphlst 
for  the  machine.^ 

The  cell  used  is  sheen  in  Figure  2.  The  essential  difference 
between  this  cell  and  those  commonly  used  in  polarographic  work  is  the 
addition  of  a glass  terrier  at  the  bottom  of  the  cell  to  restrict  the 
anode  pool  and  to  allcar  the  placing  of  metal  samples  in  sue*  a position 
that  corrosion  products  could  not  contaminate  the  anode.  It  was  found 
that  such  products,  *en  allowed  to  came  in  contact  with  the  anode, 
caused  a shift  in  potential  such  that  measurements  of  the  diffusion 
current  and  the  half-wave  potential  could  not  be  made.  The  metal  samples 
were  bent  to  such  a shape  that  they  could  be  fitted  between  the  glass 
barrier  and  the  outer  wall  and  rented  on  edge  on  the  bottom  of  the  "■»- 
It  was  found  that  tbs  presence  of  the  barrier  did  not  affect  diffusion 


appreciably  in  that  stirring  the  contents  of  the  cell  by  gentle  shaking 
gave  no  perceptible  difference  in  the  wave  height  of  the  sulfur  dioxide. 

The  use  of  other  cells  was  tried  without  success.  It  was  thought 
that  an  MH"  cell  with  the  metal  sarple  in  one  arm  and  the  anode  in  the 


other  would  he  the  most  suitable  apparatus  but  this  was  found  to  be 
unsatisfactory  in  that  homogeneity  of  tho  solution  could  not  be  ob- 
tained after  the  corrosion  process  had  begun. 

It  was  found  that  the  use  of  rubber  In  contact  with  the  solu- 
tions used  caused  a loss  of  sulfur  dioxide.  Consequently  ground  glass 
fittings  ware  used  throughout  the  system.  The  capillary  was  sealed 
Into  a ground  glass  stopper  by  means  of  "hard"  he  Khotinaky  cement,  and 
the  same  papillary  was  used  throughout  the  work.  Khenevsr  the  capillary 
became  dirty  it  was  cleaned  by  drawing  several  drops  of  twelve-molar 
nitric  add  through  the  bore,  followed  by  distilled  water  and  air  drying. 
Class  tubing  was  used  In  place  of  the  rubber  tubing  comonly  employed  be- 
tween the  cathode  reservoir  and  the  capillary.  This  was  fitted  with  a 
stop-cock  in  order  that  the  flow  of  mercury  could  be  Interrupted  as 
desired. 

Two  cells  were  used,  both  having  a volume  of  twelve  milliliter e. 
Both  cells  were  calibrated  far  loss  of  sulfur  dioxide  either  by  loss 
fraa  solution  or  by  use  by  the  components  of  the  cell.  The  results  of 
such  a calibration  are  shown  In  Figure  3*  It  was  demonstrated  that  If 
the  (Taund  glees  stopper  was  properly  Inserted  Into  the  cell  there  would 

for  this  work. 

The  first  cell  adopted  for  use  was  calibrated  for  wave  height  of 
the  sulfur  dioxide  for  known  sulfur  dioxide  concentrations  by  analyzing 
the  contents  of  the  cell  as  well  as  duplicate  portions  of  the  solution 
with  which  the  cell  had  been  filled.  The  official  method  of  the  American 
37 

Public  Health  Association  was  used  for  analysis.  It  is  baaed  upen 
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the  redaction  of  a standard  Iodine  solution  by  the  sulfur  dioxide 
solution  Tolland  by  back  titration  with  standard  thiosulfate  solu- 
tion. The  second  cell  was  calibrated  against  the  first  by  determining 
the  save  heights  far  portions  of  the  same  sulfur  dioxide  solution  in 
the  two  cells.  This  was  necessary  since  the  wave  height  was  dependent 
upon  various  factors  which  were  in  tun)  dependent  upon  the  capillary 
used.  Calibration  curves  for  the  two  cells  were  then  constructed.  These 
are  shown  in  Figure  U. 

A galvanometer  shunt  ratio  of  50  was  used  in  all  work.  This 
corresponds  to  0.2li50  nicro-anporoa  per  millimeter  of  wavs  height.  It 
was  found  that  a leaser  sensitivity  would  not  cover  a concentration  range 
wide  enough  for  the  construction  of  a good  calibration  curve  or  give  the 
required  sensitivity  of  analysis.  The  first  objection  was  also  true  of 
a greater  sensitivity,  as  well  as  the  fact  that  the  sensitivity  of  the 
chemical  analysis  used  for  calibration  was  not  as  great  as  that  of  the 
polarogreph,  and  thus  calibration  curves  so  constructed  were  of  little 
value. 

Using  the  galvanometer  shunt  ratio  of  $0,  a concentration  range 
of  between  15  and  150  parte  per  million  of  sulfur  dioxide  miiii  be 
adequately  covered.  Although  measurements  of  wave  height  for  concen- 
trations below  15  ppa  could  be  mode  using  this  sensitivity.  It  was  felt 
that  this  was  not  advisable.  As  has  been  mentioned  previously,  the 
accuracy  of  the  chemical  analysis  was  not  good  at  a very  low  sulfur  di- 
oxide concentration.  Polarogreph 1 willy.  It  was  possible  to  detect  dif- 
ferences as  small  as  two  parts  per  million  in  the  sulfur  dioxide  in  any 
concentration  range,  but  below  five  parts  per  the  precision  of 
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the  net  analytical  method  was  such  that  the  results  of  analyses  could 
not  be  considered  valid. 

Previous  work35  on  the  polarographlc  analysis  of  sulfur  dioxide 
indicated  that  the  wave  height  for  a given  concentration  of  sulfur  di- 
oxide varied  with  the  pH  of  the  solution  between  a pH  of  one  and  a pH 
of  six.  By  comparison  of  one-tenth  molar  potassium  chloride  solutions 
and  citrate  buffer  solutions  of  exactly  equal  sulfur  dtcnrtde  concen- 
trations, It  was  found  that  there  was  no  measurable  variation  in  tha 
wave  height  between  a pH  of  2.15  and  a pH  of  U.00.  Above  the  latter  pH 
there  wae  a definite  difference  In  the  wave  height,  that  of  the  buffered 
eolutiona  always  being  low.  Comparisons  ware  made  In  increments  of 
0.2  pH  unite  between  pH  2.15  and  pH  U.50.  Polaro grams  of  sane  of  those 
comparisons  are  shoes  in  Figure  5. 

Table  1,  page  2k,  shoes  the  pH  of  a series  of  one-tenth  molar 
potassium  chloride  solutions  of  varying  sulfur  dioxide  concentration. 
From  this  It  can  be  seen  that  below  15  pin  of  sulfur  dioxide,  the  pH 
would  be  such  that  the  wave  height  might  be  affected.  It  was  found  that 
the  pH  of  the  corroding  solutions  remained  below  pH  1*.0  so  long  as  more 
than  15  ppm  of  sulfur  dioxide  was  present,  although  it  was,  in  most 


All  pH  measurements  were  made  with  a Beckman  Modal  0 pH  mater 
which  was  standardised  in  the  proper  range  before  each  set  of  aeasure- 

One-tenth  molar  potassium  chloride  was  used  as  the  supporting 
electrolyte  in  order  that  the  primary  corrosion  of  the  Iron  samples  might 


2b 

be  restricted  as  far  os  possible  to  the  action  of  sulfur  dioxide  and 
not  to  hydrogen  displacement  as  would  ham  been  possible  had  a strong 
add  bean  used.  The  supporting  electrolyte  was  aads  up  In  fin  liter 
quantities  fro»  reagent  grade  potasaitn  chloride  dissolved  in  distilled 
water  which  had  been  boiled  for  several  hours  to  remove  oxygen.  The 


nitrogen. 


pH  OF  0.1  HOUR  SOLUTIONS  OF  SCCL  COirTAINIHG  SOj 


3.11 

3.25 

3.39 

3.90 


It  was  necessary  to  keep  all  solutions  free  from  oxygen  since 
the  sulfur  dioxide  was  readily  oxidised  and,  in  addition,  the  first 
half  -wave  potential  for  oxygen  lay  so  close  to  that  for  sulfur  dioxide 
that  measurement  of  the  latter  could  not  be  made  accurately  when  the 
former  was  present. 

A stock  sulfur  dioxide  solution  was  made  by  bubbling  tank  sulfur 
dioxide  into  an  oxygen-free  solution  of  one-tenth  molar  potassium  cbltrlde. 
This  solution  was  maintained  under  a nitrogen  atmosphere  at  all  times,  and 
aaa  measured  for  use  by  means  of  a five  miVUHfr  burette  which  was  con- 
nected to  the  stock  reservoir  ty  means  of  a siphon.  Air  was  excluded 
from  the  burette  by  moans  of  a thin  rubber  bulb  which  had  been  flushed 


with  nitrogen  and  which  allowed  pressure  different lain  when  filling 
using  the  burette. 


The  metal  samples  used  in  this  work  were  supplied  by  Dr.  R.  B.  Hears 
of  the  Carnegle-minols  Steel  Corporation,  and  Or.  1.  A.  Dennison  of  the 
National  Bureau  of  Standards.  All  stop lea,  with  the  possible  exception  of 
the  "pure  Iron"  furnished  fay  Dr.  Hears,  were  of  steels  which  had  been  used 
In  corrosion  tests  by  the  two  organisations,  and  provided  a good  sampling 
of  the  canon  law-carbon  Industrial  alloys.  The  "pure  Iron"  was  made  free 
especially  selected  low  metalloid  scrap  and  pig  iron  fay  the  open  hearth 
process,  and  with  the  exception  of  re-ooltod  electrolytic  Iron,  was  prob- 
ably as  pure  as  could  be  obtained. 

The  metal  teat  specimens  were  cut  to  a width  of  one  centimeter  and 
a length  of  two  centimeters,  with  the  exception  of  the  pure  Iron  which  was 
slightly  manor  to  account  for  a difference  in  thickness.  All  specimens 
had  a surface  area  of  between  U.35  and  Iu50  square  centimeters.  Since  the 
primary  objective  of  this  Investigation  was  not  to  ™»tn»  on  exact  comparison 
between  samples,  it  was  believed  that  the  mall  difference  in  surface  areas 
would  not  be  critical. 

All  specimens,  with  the  exception  of  the  "pure  Iron"  wore  annealed 
for  one-half  hour  at  950*  C.  In  a small  electrically  heated  mffl.  furnace. 
Thle  was  followed  fay  cooling  In  the  furnace.  Although  an  examination  of 
a number  of  standard  corrosion  teats  Indicated  that  no  special  heat  treat- 
ment procedure  was  used  In  such  tests,  it  was  felt  that  in  the  present 
Study  the  ratio  of  the  surface  of  the  edges  to  the  total  surface  was  re- 


latively large  and 
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bending  the  cample  after  the  annealing  process  would  again  Introduce  a 
certain  strained  condition  In  the  metal,  but  it  was  felt  that  tM« 
would  be  relatively  small  as  ccnpared  to  that  due  to  unrelieved  sheared 
edges.  It  was  also  felt  that  such  strain,  while  affecting  the  corrosion 
rate,  would  not  change  the  manner  in  which  the  corrosion  occurred. 

The  scale  was  removed  frem  the  sample  by  wire  tarnishing  and  the 
samples  polished  with  successive  grades  of  scary  cloth.  After  the 
polishing  had  bean  carried  to  2/0  abrasive,  the  sample  eas  bent  to  the 
final  shape,  and  a final  polish  applied  with  3/0  eoary  cloth.  This 

Immediately  before  use,  the  sample  was  thoroughly  washed  with 
distilled  eater  and  then  with  95  per  cent  alcohol  to  remove  grease  am 
handling.  A final  wash  with  distilled  water  followed.  All  specimens 
which  would  not  give  an  even  film  of  water  on  washing  were  re-scrubbed 
with  alcohol  until  satisfactorily  am  am  grease.  The  sample  was  then 
dried  by  blotting  with  filter  paper. 

Ho  attempt  was  mads  to  achieve  either  the  optimum  or  the  minimum 
sample  condition  for  corrosion,  but  rather  to  achieve  a condition  where- 
in many  of  the  factors  which  might  affect  the  corrosion  would  be  known. 

After  the  sample  had  been  prepared  as  previously  described.  It 
was  placed  In  the  cell  In  which  it  was  to  be  used.  The  glase  stopper 
for  the  cell  which  contained  the  capillary  wae  a permanent  part  of 
cathode  reservoir.  The  cell  was  dangled  in  a position  such  that  the 
stopper  was  partially  within  the  ground  glass  neck  of  the  cell  but  did 
not  completely  close  the  apparatus.  Nitrogen  was  than  continuously 
passed  through  the  cell  until  the  solution  was  Introduced.  The  connection 
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to  the  nitrogen  tank  was  made  through  the  anode  arm  of  the  cell. 

The  solution  was  then  prepared  In  a glass  stoppered  volumetric 
flask.  The  flask  was  thoroughly  flushed  with  nitrogen  and  than  a nail 
volume  of  the  stock  sulfur  dioxide  solution  was  Introduced  frexa  the 
burette  in  such  a mannor  as  to  prevent  access  of  air  In  so  far  as  pos- 
sible. Enough  of  the  oxygen-free  supporting  electrolyte  ass  added  to 
bring  the  total  voltage  of  the  solution  to  the  desired  quantity.  The 
usual  proportions  were  fTco  five  to  ten  milliters  of  the  sulfur 
solution  per  100  millitere  of  total  volume  depending  upon  the  concen- 
tration desired.  The  flask  was  stoppered  after  the  space  above  tbe 
solution  had  again  been  flushed  with  nitrogen. 

The  mercury  for  the  anode  was  then  Introduced  Into  the  anode 
arm  of  the  cell  by  means  of  a pipette.  Two  to  three  milliters  was  re- 
quired. Foliating  this,  the  solution  was  poured  Into  the  cell.  In 
excess,  through  the  partially  open  cell  top.  The  cell  was  raised  and 
rotated  to  cIobo  the  apparatus,  care  being  taken  that  no  space  was 
aliened  to  exist  between  the  solution  in  the  cell  and  the  stopper,  and 
that  a good  seal  was  obtained.  The  first  measurement  of  sulfur 
content  was  made  Immediately. 

The  same  procedure  was  followed  In  the  calibration  of  the  cells 
with  the  metal  sample  being  omitted. 

Tbe  flor  of  the  mercury  freu  the  cathode  was  interrupted  after 


of  a stopcock  in 


the  mercury  level  In  the  anode 


the  level  of  the  anode  surface  within  the  cell,  the  excess  was  re- 
moved by  means  of  a small  pipette. 

The  usual  interval  between  measurements  was  one-half  hour,  al- 
though this  varied.  It  was  found  that  this  was  often  enougi  to  show 
concentration  changes  as  they  occurred.  Ary  variations  frcn  this  In- 
terval are  shown  in  the  figures  to  bo  discussed  later. 

The  total  time  which  was  measured  far  each  run  was  usually 
twelve  hours.  In  order  to  obtain  the  interval  between  twelve  and 
twenty-four  hours,  the  apparatus  was  placed  In  operation  as  previously 
described  and  an  Initial  measurement  mode.  The  mercury  flow  to  the 
capillary  was  then  interrupted  and  the  cell  process  allowed  to  continue 
with  no  further  measurements  for  twelve  hours.  The  changes  in  the  wave 
height  were  then  measured  at  regular  Intervals  after  this  time. 

Measurements  of  wave  height  were  made  at  tha  half-wave  potential 
in  all  cases,  using  standard  technique.  These  measurements  were  made 
to  the  nearest  one  half  millimeter  which  corresponded  to  one  part  per 
million  of  sulfur  dioxide  at  the  sensitivity  at  which  the  apparatus  was 


corrosion  cell  containing  the  metal  sasple  had  been  In  operation  far 
six  to  eight  hours.  Although  the  distance  between  the  residual  current 
line  and  the  diffusion  current  line  remained  the  same,  the  slope  between 
these  lines  became  extremely  erratic  and  appeared  to  be  almost  of  the 
aamo  nature  aa  that  when  a capillary  become  foul.  However,  ty  allowing 
the  mercury  stream  to  continue  and  applying  the  full  potential  of  the 
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polarograph  across  the  oell  for  several  seconds,  this  phenomenon  dis- 
appeared, and  the  usual  save  could  be  recorded. 

No  explanation  far  this  behaviour  will  be  attempted  in  this 
discussion.  There  does  not  appear  to  be  an  instance  of  a sinilisr 
phenomenon  recorded  in  the  literature,  but  it  is  believed  that  a 

various  electrolytes  as  discussed  by  Kolthoff  and  Lingane.^ 


CHAPTER  HI 


The  data  obtained  In  this  work  are  shonln  Figures  6a  through 
17  and  in  a general  euamary  given  in  Table  3.  The  information  is 
shorn  graphically  in  curves  shoeing  the  consumption  of  sulfur  dioxide 
by  the  various  samples  used.  These  are  plotted  in  parts  per  million 
of  sulfur  dioxide  regaining  at  one  half  hour  intervals  for  twelve  hour 
periods.  It  was  felt  that  the  use  of  the  concentration  designation 
"parts  par  minion"  would  be  more  consistent  with  industrial  usage  and 
fully  as  clear  as  any  method  which  might  be  used. 

Although  curves  are  shewn  for  twenty-four  hours,  the  primary 
concern  of  this  investigation  was  the  initial  phase  of  the  corrosion 
reaction.  The  last  twelve  hours  are  Included  only  to  give  general 
information  as  to  the  nature  of  the  process  during  this  time.  It  is 
felt  that  much  mare  time  than  twenty-four  hours  should  be  studied  if 
the  total  picture  is  desired.  For  this  reason  the  curves  for  the  first 
twelve  hours  must  be  considered  to  have  the  greatest  significance  in  the 
discussion  to  follow. 

The  figures  are  arranged  to  show  the  metal  samples  in  order  of 
increasing  alloy  content,  beginning  with  the  "pure  iron." 
hour  periods  are  sham  far  each  sample,  these  being  placed 
order  for  convenience. 
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Two  twelve 
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stock  reservoir  varied  slightly  from  day  to  day,  it  was  extremely 

a corrosion  prooess.  It  m demonstrated,  however,  that  the  sane 
general  process  occurred  in  the  corrosion  shea  the  initial  concen- 
tration of  the  sulfur  dioxide  differed  in  several  solutions  used  with 
the  same  metal  sample.  This  is  shown  in  Figures  Hi,  IS  and  16. 

Figures  6a  and  6b  shot  the  coneunption  of  sulfur  dioxide  by 
■pure  iron."  The  Initial  rate  of  consumption  is  hlg>  and  persists  for 
almost  two  hours,  after  which  an  inhibiting  action  takes  place,  and  the 
rate  is  extremely  alas  for  a two  hour  period.  At  the  end  of  this  time, 

again  for  two  hours,  and  again  followed  ty  a period  of  inhibition. 

Thle  lowered  activity  lasts  only  a short  time  and  the  rate  again  in- 
creases, this  time  for  about  three  hours,  after  which  a third  period 
of  inhibition  sets  in.  Figure  6b  shows  that  the  general  picture  of 
the  process  frcn  twelve  to  twenty-four  hours  is  much  the  same,  althougi 
the  overall  rate  is  greatly  decreased. 

sample  C U89,  a low  carbon  steel  with  very  low  alloying  elements. 

Again,  the  initial  two  hour  period  showB  the  greatest  rate  of  con- 
sumption of  the  corroding  agent.  This  is  followed  by  decreased  activity 
for  two  hours,  and  then  an  increased  rate  of  consumption.  This  increased 
rate  continues  far  more  than  four  hours  when  a second  period  of  inhihi- 


hours,  the  rate  again 
consunptlon  of  sulfur 


dioxide  for  the  entire  twelve-hour  period,  although  the  rate  Is  much 


leas  than  that  for  pure  iron. 

The  consumption  of  sulfur  dioxide  ty  sample  03,  which  Is  also 
of  las  allay  content.  Is  sham  in  Figures  8a  and  8b.  It  contains  a 
relatively  large  percentage  of  copper.  The  greatest  rate  of  con- 
simptlon  of  sulfur  dioxide  is  In  the  first  two  hour  period  and 
Is  also  foliated  ty  a loser  rate  far  the  next  two  hours.  After  this, 
the  sulfur  dioxide  Is  consisted  at  the  same  rate  for  successive  two 
hour  periods  up  to  twelve  hours,  although  the  curve  shows  short  periods 
of  Inhibition  at  regular  intervals.  The  last  twelve  hours  shows  three 
periods  of  Increased  activity  and  three  periods  of  Inhibition.  The 
rate  of  consuaptlon  of  sulfur  dioxide  appears  to  increase  rinrtng  this 
period. 

Figure  9a  and  9b  give  Information  on  sample  01  which  Is  slightly 
higher  in  allay  content  then  sample  C 1|S9,  although  of  tie  same  general 
composition.  It  contains  the  highest  percentage  of  manganese  of  any  of 
the  samples  tested.  The  curve  obtained  for  this  steal  la  quite  almiliar 
to  that  obtained  for  sample  C It 89  with  periods  of  activity  and  Inhibi- 
tion. As  before,  the  greatest  rate  of  consuaptlon  of  sulfur  dioxide 
occurs  in  the  first  two  hours  and  again  thia  is  followed  by  a period  of 
Inhibition.  The  rate  for  the  first  twelve  hours  appears  to  be  roughly 
divided  at  approximately  six  hours.  The  rate  for  the  last  six  hours  la 
slightly  greater  than  that  for  the  first  six,  since  the  first  period  of 
Inhibition  lasts  far  almost  four  hours  before  activity  increases.  The 
last  twelve  hours  also  show  periods  of  Increase  in  activity.  This  curve 
is  almost  straight  In  nature,  but  It  can  be  seen  that  tte  last  ten  hour 
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period  should  be  Indicated  as  two  periods  with  a change  In  slope  at 

Figures  10a  and  10b  are  for  sample  C 19.  This  sample  was  the 
highest  In  phosphorous,  silicon,  and  copper  of  any  of  the  alloys  tested. 

It  does  not  sheer  an  Inhibition  period  until  after  the  sixth  hour  although 
the  rate  Is  saaewhat  less  after  the  first  two  hours.  The  Inhibition 
period  is  short,  lasting  only  about  an  hour.  The  consumption  of  sulfur 
dioxide  Is  then  resumed  without  another  Inhibition  period,  although  the 
rate  varies  and  Is  not  constant.  The  last  twelve  hours  show  pronounced 
periods  of  activity  and  Inhibition. 

Sample  C 029  is  shown  In  Figures  11a  and  lib.  This  sample  con- 
tains 2.1  per  cent  of  nickel.  Again  in  the  first  two  hours  the  con- 
sumption of  sulfur  dioxide  proceeds  at  the  greatest  rate.  After  this 
a period  of  Inhibition  occurs  for  two  hours,  followed  by  a two  hour 
period  of  Increased  consumption.  This  Is  followed  by  three  hours  of 
Inhibited  action,  and  then  again.  Increased  activity  on  the  part  of  the 
sample.  The  final  twelve  hours  is  marked  ty  alternate  periods  of  activ- 
ity and  passivity,  four  periods  of  each  being  shown. 

Figures  12a  and  12b  show  the  results  for  sample  2h6  which  con- 
tains 3.5  per  cent  of  nickel.  In  the  first  twelve  houra,  the  periods  of 
activity  and  passivity  are  well  defined  as  compared  to  the  previous  sample. 
Four  periods  of  activity  and  three  periods  of  inhibited  action  are  to  be 
observed.  In  the  final  twelve  hours,  the  differentiation  between  the 
first  periods  of  activity  and  Inhibition  is  less  well-defined,  but  Is 
readily  apparent.  At  the  sixteenth  hour  there  Is  a sharp  Increase  In 
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the  rata  of  sulfur  dioxide  consumption  which  ends  In  a period  in 
which  no  sulfur  dioxide  in  consumed  for  almost  three  hours.  Activity 
begins  again  after  this  period. 

Sample  25369,  containing  5.9  per  oent  of  chrcnilm,  is  shown 
in  Figures  13a  and  13b.  This  type  of  steel  Is  usually  known  as  k-6 
Chrcnlun  alley.  The  first  two  hours  show  a rapid  consumption  of  sul- 
fur dioxide  and  are  followed  by  a three  hour  period  in  which  there  is 
apparently  no  use  of  the  corrodent.  A two  hour  period  of  activity  Is 
then  followed  ly  a two  hour  period  of  collate  Inhibition.  Increased 
activity  la  again  resumed  at  the  eighth  hour  and  continues  for  the  rest 
of  the  twelve  hour  period.  The  last  twelve  hours  assume  an  almost 
eteady  rate  of  sulfur  dioxide  consumption  with  two  short  periods  of 
Inhibition  between  the  sixteenth  and  the  twentieth  hours. 

Figure  lit  shore  the  relation  between  the  time-rate  curvea  for 
three  different  concentrations  of  sulfur  dlmrirte  when  used  with  sample 
25369.  It  may  be  seen  that  the  curves  are  very  almlllar  and  that 
periods  of  activity  and  Inhibition  occur  in  the  earn  manner  for  each 
run.  It  Is  apparent  that  curves  one  and  three  are  very  slmlllar,  and 
that,  with  the  exception  of  the  first  hour,  curve  two  differs  little 
from  the  others. 

Figure  15  gives  the  same  lnfc»maticin  for  sasple  C I189.  In  t.M« 
oase,  although  the  time  studied  was  much  shorter,  it  can  be  Been  that 
there  Is  a period  of  rapid  ooneimptlan  of  sulfur  dioxide  followed  by 
a period  of  almost  couplets  Inhibition.  Curves  two  and  three  indicate 
that  this  is  followed  by  an  increased  rate  of  consunptlon.  Although 
information  was  obtained  to  ehm.  Ihut  there 


also  an  increased  rate 


fol- 


lowing the  period  sheen,  too  few  observations  were  node  after  the  sixth 
hour  to  shew  exactly  hoe  this  occurred. 

Figure  16  shoes  duplicate  runs  for  sample  03.  A period  of  six 
hours  Is  covered.  In  this  case,  It  can  be  seen  that  there  is  almost 
exact  duplication  in  the  nature  of  the  consvraptlon  of  the  sulfur  iH oxide. 

Table  3,  page  6lj , suranarisea  the  information  obtained  far  the 
first  twelve  hours  for  each  sample.  While  the  general  corrosion  picture 
Is  depicted,  that  of  periods  of  activity  follceed  ty  periods  of  Inhibi- 
tion, reference  to  the  curve  far  a particular  sample  gives  a truer  pic- 
ture of  the  corrosion  process.  In  all  cases.  It  is  seen  that  the  greatest 
consumption  of  sulfur  dioxide  by  the  sample  occurred  during  the  first  two 

bus  the  time  la  plotted  for  three  eampleo  in  Figure  17.  If  the  logarlttm 
of  the  concentration  of  a component  of  a reaction  Is  plotted  against  time 

will  result  If  the  reaction  la  of  first  order  with  respect  to  that  partie- 

It  can  be  seen  that  the  corrosion  process,  therefore.  Is  of  first 
order  with  respect  to  the  sulfur  dioxide,  for  at  least  the  neater  portion 
of  the  first  twelve  hour  period.  Only  plots  for  samples  25369,  0 U9  and 
03  are  shewn.  Two  of  these  represent  the  extreme  limits  of  the  rates 
found,  and  the  third  represents  a sample  rate  falling  between  these  limits. 
All  others  studied  gave  the  same  type  of  plot,  the  elope  of  the  line  being 
the  only  major  difference. 
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It  was  noted  that  when  the  cells  were  cleaned  at  the  end  of 
a corrosion  period,  hydrogen  sulfide  appeared  to  he  present.  Alien 
samples  of  metal  wore  placed  In  a stronger  sulfur  dioxiife  solution 
than  those  which  were  used  for  corrosion  testa,  the  odor  of  hydrogen 
sulfide  became  ray  strong  In  a short  time.  Apparently  then,  sulfur 
dioxide  Is  reduced  either  wholly  or  In  part  to  the  sulfide  loo. 

Dr.  I.  A.  Dennison'39  of  the  Rational  Bureau  of  Standards  has  stated 
that  he  la  of  the  opinion  that  many  sulfur  compounds  may  he  reduced 
to  the  sulfide,  or  to  sane  polyeulflde,  during  a corrosion  process. 
In  addition  to  the  odor  of  hydrogen  sulfide,  it  was  noted  that  in 
this  work  the  samples  became  coated  with  a blade  deposit.  Slimle 
qualitative  tests  shewed  this  to  be  a sulfide,  and  apparently  ferrous 
sulfide.  These  observations  apparently  confirm  the  statement  of 
Dr.  Dennison. 

It  was  also  noted  that,  although  the  solutions  used  were 
sold  and  had  a pH  of  leas  than  luO,  no  measurable  quantity  of  hydro- 
gen was  evolved  during  the  corrosion  process. 

Aqr  mechanism  for  the  corrosion  which  may  be  postulated  must 
therefore  account  for  the  presence  of  the  sulfide  and  the  lack  of 
evolution  of  hydrogen  gas  In  the  acid  solution. 

The  most  probable  mechanism  Is  that  of  the  reduction  of  the 
8ulfurous  acid  by  the  Iron  to  give  the  sulfide.  Using  oxidation 
ho 

potentials  from  Latimer,  the  following  reactions  and  values  my  be 
calculated! 
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3 HjO  + s' 


3 re 


-*  3 re**  * 6 e 
s“  -*  HjSOj  « U H* 


*o  - ♦ O.lilj  y. 


!0  a - 0.13  V. 


3 fe* 


HgSOj  ♦ l»  H*  -» 


3 re*4  ♦ s ♦ 3 Hjo 


K0  ■ ♦ 0.57  T. 


By  the  uee  of  the  equations  F„  - -nFE,  It  may  be  calculated  that  A F0 
for  the  above  reaction  Is  -78.9  kilocalories.  This  is  certainly  large 
enough  for  the  reaction  to  be  readily  possible. 

This  reaction  would  account  for  the  presence  of  the  sulfide 
which  was  found,  and  the  black  coating  of  ferrous  sulfide  on  the  natal 
sanplo.  The  rapid  initial  consumption  of  sulfur  .tould  be  caused 

by  the  reduction  of  the  sulfur  dioxide  and  the  consequent  fomatian  of 
a ferrous  sulfide  coating  upon  the  surfaoe  of  the  saiple.  Then,  as  the 
coating  upon  the  natal  beccoes  thicker  and  nore  stable,  access  to  tbs 
netal  by  further  sulfur  dioxide  is  denied.  This  would  account  for  the 
period  of  apparent  inactivity  which  has  been  shown  to  follow  a period 
of  sulfur  dioxide  consumption. 

The  equilibriun  constants  for  hydrogen  sulfide  are  given  ty 
3li  7 

Latimer  as  1.15  x 10  ' and  1.0  x IfT0  respectively.  By  ccabinatian 
of  Kj  and  Kg,  the  following  egression  is  obtained! 


the  sulfide  ion  concentration  must  have  the  value  10"19/CyB+*.  If  +.m. 
is  substituted  into  the  equilibrium  expression  for  hydrogen  sulfide,  the 
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equation  boccraeB,  fa*J2  10~19  - 1.1J  x lo"22 

QljS] 

and,  by  rearrangement,  the  concentration  of  the  ferrous  ion  must  have 


&e**]= 


[H*]2  8.7  x IQ2 
CH2S3 


In  this  work  the  pH  rgnained  below  four,  so  if  one  takes  this 

hydrogen  sulfide  approaches  the  marlmnn  molarity  obtainable  if  all  the 
sulfur  dioxide  has  been  converted  to  the  sulfide,  or  a value  of  2 x 10~3 
molar  (128  ppm  as  sulfur  dioxide),  any  ferrous  sulfide  can  be  re-dissolved 
until  the  ferrous  ion  concentration  becomes  approximately  5 x 10-^  molar. 
This  is  the  extreme  casej  In  any  other  case,  which  might  be  as  aimed,  the 
ferrous  ion  concentration  would  be  much  larger  since  the  pH  would  be  lower, 
and,  obviously,  all  the  sulfur  dioxide  present  cannot  fora  hydrogen  sulfide. 

Thus  it  is  possible  that  the  ferrous  sulfide  coating  upon  the 
iron  sample  is  dissolved  in  the  add  media.  If  the  rate  of  dissolution 
is  slow,  seme  tine  will  elapse  until  the  remaining  coating  bournes  perms 
able,  and  sulfur  dioxide  can  again  react  with  the  metal.  When  this  happens, 
and  the  consumption  of  the  sulfur  dioxide  is  again  resumed,  a now  period 
of  increased  activity  is  sham.  The  process  then  becomes  cyclic  in  nature 


and  continues  to  remain  so. 

The  formation  of  the  original  ferrous  sulfide  must  depend 

upon  the  relative  rates  of  several  reactions  and  at  least  two  equilibria. 

The  first  of  these  is  the  reaction  of  the  ferrous  ion  ami  the  sulfide  ion 
to  form  ferrous  sulfide,  and  the  equilibrium  concerned  with  the  dissolution 
of  the  ferrous  sulfide.  The  other  readily  apparent  reaction  ami  equilltrlim 
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is  that  concerned  with  the  hydrogen  ion  and  the  sulfide  ion  in  the 
formation  of  hydrogen  sulfide.  It  oust  be  realised  that  the  situation 
at  hand  is  not  analogous  to  the  precipitation  of  ferrous  sulfide  t y 

tative  analysis.  In  that  case,  the  sulfide  ion  oust  be  farmed  ty  the 
ionisation  of  hydrogen  sulfide,  and  this  is  prevented  hy  the  hydrogen 
ion  already  present.  In  the  present  case,  the  sulfide  ion  is  formed  by 
the  reaction  at  the  surface  of  the  iron  sample.  At  the  interface  be- 
tween the  solution  and  the  metal  surface,  a high  local  concentration  of 
ferrous  ion  and  sulfide  ion  exists,  and  the  hydrogen  ion  concentration 
is  diminished  beoanae  of  the  reduction  that  takes  place.  The  rate  of 
reaction  betnsen  the  ferrous  ion  and  the  sulfide  ion  must  then  be  mere 
rapid  than  that  establishing  the  equilibrium  between  the  fHmimnhad 
concentration  of  the  hydrogen  ion  and  the  sulfide  ion,  and  the  for- 
mation of  ferrous  sulfide  results.  The  probability  of  this  reaction 
must  be  considered  since  the  ions  are  present  in  an  interface  between 
the  solution  and  the  solid  metal  sample  and  not  in  the  bulk  of  the 
solution  where  the  hydrogen  loo-hydrogen  sulfide  equllibrlun  would  be 
most  effective. 

The  explanation  of  tbe  role  played  by  ordinary  allaying  elements 
in  changing  the  rate  of  consumption  of  sulfur  dioxide  among  the  various 
steels  ia  beyond  the  scope  of  this  work,  but  it  must  be  exceedingly  cco- 
Ul,h2 

plex.  Other  investigators  have  shown  that  steels  which  are  re- 
sistant to  sulfur  dioxide  nuet  contain  large  percentagee  of  alloying 
element,  usually  chroniin.  This  percentage  must  be  so  Mgh  that  the 


surface  of  the  alloy  contains  enough  of  the  additional 


Uo 


reactions  oast  be 
the  Iron.  In  the 


with  regard  to  this  e 
of  chnzd.ua  alloying,  the  a 


oately  twelve  per  cent  and  nay  reach  a value  of  thirty  per  cent  de- 
pending upon  the  presence  of  additional  elements  such  as  nickel.  It 


a filn  of  oxide  or  adsorbed  oxygen  upon  the  surface  eo  stable  ani 
tenacious  that  no  attack  by  a corroding  agent  nay  proceed  upon  the 
surface  of  the  alloy,  and  that  the  alloying  element  contributes  to 
the  nature  of  this  filn. 

Although  a aechanlm  far  the  corrosion  of  ordinary  iron  and 
steel  alloys  has  been  postulated  which  satisfactorily  evpiaina  the 
data  obtained,  there  is  always  the  possibility  that  Baas  other  reaction, 
although  loss  apparent,  nay  actually  take  plaoe.  It  is  also  quite  pos- 
sible that  the  corrosion  process  asy  involve  several  reactions  operating 

The  reduction  of  a solution  of  sulfur  dioxide  nay  yield  a great 
many  possible  products.  The  two  best  known  are  the  thiosulfate  and 
free  sulfur.  Ho  free  sulfur  was  observed  at  ary  tine  in  a corrosion 
oeli.  Tbs  half-wave  potential  of  the  thiosulfate  ion  is  given  by 
Kolthoff  and  Lingane^  aa  -0.15  v.  with  respect  to  tbs  saturated  calo- 
■el  electrode.  Since  this  is  within  the  range  covered  in  the  neasure- 
nenta  of  the  sulfur  dioxide  concentration,  the  presence  of  ary  thio- 
sulfate ion  should  have  been  apparent  in  the  polarogrsna  which  were 


made.  This  was  not  the  ci 
the  preeenoe  of  this  ion. 


la 


was  observed  between  0.00  volts  and  approximately  -l.lt  volts,  it  would 
seen  that  any  sulfur  coupound  which  can  be  further  reduced  polaro- 
graphieally  is  not  Indicated.  Since  free  sulfur  could  not  be  found 
by  the  uee  of  the  polarograph,  the  possibility  that  it  nay  have  been 
present  as  a transitory  state  in  the  reduction  process,  or  in  quanti- 
ties so  small  as  to  escape  visual  detection,  cannot  be  overlooked. 

As  has  been  mentioned  previously,  it  has  been  suggested^  that 

consist  of  polyeulfldes  as  sell  as  the  simple  sulfide.  This  must  be 
considered  since  the  values  for  the  free  enersr  of  formation  of  the 
sulfide  ion  and  the  various  polysulfide  ions  differ  by  relatively  snail 
amounts.  Latinsr1®  calculates  the  free  energies  as  follows!  S , 
23,l|20  cal.)  Sj- , 23,100  cal.)  83”,  22,1400  cal.)  and  S^- , 20, 


,700  cal. 


naOBl  2 

Polarogpaphic  Cell 


Folorogreaa  S0£  at  Various  Times 


Flgura  4. — Calibration  of  Polar  ographlo  Calls 


TABLE  2 


COMPOSITION  OF  IRON  AND  FERROUS  ALLOYS 


Jtaber 

c 

13n 

P 

s 

Si 

Cu 

Si 

‘‘“Son 

0.02 

0.GI* 

0.006 

0.020 

0.002 

0.007 

0,006*  0,001 

0 1*89* 

-Ola 

.31 

.008 

.018 

.011 

.012 

.01 

,003 

03 

.03 

.1(7 

.07 

.06 

.003 

•27 

.03 

.03 

d 

-Ola 

.1(9 

.07 

.01*2 

.003 

.05 

.01 

.10 

C 19 

.09 

.38 

.11 

.026 

.72 

.33 

.03 

.92 

C 029 

.13 

21*6 

-ola 

.1*6 

.oil* 

.027 

.001* 

.06 

3.5 

.16 

25369 

.10 

.1(0 

.oil* 

.021* 

.32 

.028 

.28 

5.9 

Sample  designations  are  those  of  the  Research  laboratory,  Carnegie 
nunnia  Steel  Corporation,  Vandergrlft,  Pennsylvania,  fraa  ahem 
the  analyses  sere  obtained. 


Figure  6b. — Coneunptlon  of  Sulfur  Dioxide  bjr  " Pure  Iron  " 


Figure  7e. 


Consumption  of  Sulfur  Dioxide  by  Sajqple  C 489 


Sulfur  Dioxide  by  Semple  C 489 


Figure  8a. — Conauaption  of  Sulfur  Dlorlda  by  Sample 


Figure  8b. — Consumptic 


Sulfur  Dioxide  by  Sample 
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sumption  of  Sulfur  Dioxide  by  Semple 
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Flgura  9b. 


by  Sample  01 
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Figure  10a.—  Consumption  of  Sulfur  Dioxide  by  Sample  C 19 


Figure  101). — 


of  Sulfur  Dioxide  by  Sample 


140 

120 

100 

80 


Figure  lie 


6 8 10  12 
Time  in  Hours 

lion  of  Sulfur  Dioxide  by  Semple  C 029 
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Figure  11b.- 


sumption  of  Sulfur  Dloride  by  Sample 


Figure  12a. — Consumption  of  Sulfur  Dioxide  by  Sample  246 
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Figure  13b. — Consumption  of  Sulfur  Dioxide  by  Semple 


PERCENTAGE  OF  TOTAL  SULFUR  DIOXIDE  USED  IN  TBELVE  HOURS  USED 
IN  SUCCESSIVE  TWO  HOUR  INTERVALS 


Sample  Number 


Pure  Iron 
C 489  .... 

03  ....... 

01  ....... 

C 19 

C 029  .... 

246 

23369  .... 


Period 

8 O-e  I 2-li  1 1,-6  I 6-8  I 8-10  I 10-12 


I 34.9  I 11.1 
i 33.0  ! 13.2 
i 23.1  i 13.9 
i 27.0  i 8.2 
i 34.0  ! 15.1 

i 28.0  ■ 8.0 

■ 23.0  i 20.3 
. 33.3  ! 10.3 


19.8  \ 9.9  ! 
24.3  • 15.2  ! 
15.6  i 15.6  i 

10.8  i 13.6  ) 
13.2  I 18.9  i 
24.0  i 8.0  ■ 

9.1  I 20.3  : 
7.7  t 10.3  I 


11.1  i 12.3 
6.1  ■ 6.1 
15.6  ! 15.6 

19.0  ■ 21.7 
11.3  i 7.6 

20.0  i 12.0 

6.8  i 18.2 

18.0  : 20.3 
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Figure  14# — Consumption  of  Sulfur  Dioxide  by  Sample 


Figure  IB. — Consumptlc 


Figure  16.—  Consumption  of  Sulfur  Dioxide  Dy  Semple 


9njaT»*»H  *06  "><1  ®»1 


STJlKAHr 

An  effort  has  been  Bade  to  contribute  to  the  knowledge  of  the 
corrosion  problem  by  the  study  of  the  process  occurring  when  sulfur 
dioxide  attacks  Iron  and  ferrous  alloys  in  aqueous  solution.  The 
initial  phases  of  this  corrosion  problem  have  been  investigated 
polaro graphically  in  order  to  study  the  possible  oechanlasa  , the 
order  of  reaction,  and  the  type  of  attack. 

It  has  been  found  that  the  attack  occurs  in  a step-wise  Ban- 
ner consisting  of  periods  of  activity  on  the  part  of  the  sulfur  di- 
oxide, followed  by  periods  of  diminished  action.  The  process  is 
apparently  cyclic  and  shows  alternate  periods  of  activity  and  inhibi- 
tion throughout  the  first  twelve  hour  period,  this  continuing  into 
the  next  twelve  hour  interval. 

The  attack  is  of  first  order  with  respect  to  the  sulfur  di- 
oxide. This  has  been  shown  through  the  use  of  the  customary  logarithm 
of  the  component  versus  time  method  developed  in  the  literature. 

The  mechanism  proposed  to  account  for  the  corrosion  is  simple, 
but  is  in  accordance  with  all  Information  obtained  in  the  investigation. 
It  is  supposed  that  s direct  attack  upon  the  iron  by  the  sulfur  dioxide 
occurs.  This  results  in  the  oxidation  of  tbs  iron  to  tbs  ferrous  state 
and  the  reduction  of  the  sulfur  tUnwidn  to  the  sulfide.  A gradually 
increasing  layer  of  ferrous  sulfide  fare;  upon  the  surface  of  the  metal, 
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eventually  preventing  further  attack.  The  ferrous  sulfide  la  slowly 


soluble  In  the  acid  aedla  and  Is  dissolved  over  a period  of  tine  to 
such  an  extent  that  the  ferrous  sulfide  coating  again  bo cones  permeable 

to  the  re-establishment  of  the  ferrous  sulfide  coating  and  a new  cycle 

Ho  evidence  for  the  presence  of  any  form  of  sulfur  other  than 
the  sulfide  Ion  and  the  sulfur  dioxide  was  obtained  in  this  investi- 

It  is  quite  possible  that,  as  has  been  suggested,^  poly- 
sulfides  as  well  as  sulfide  nay  be  formed  by  the  reduction  of  sulfur 
dioxide.  No  evidence  was  obtained  from  this  work  to  indicate  the 
absence  cr  presence  of  polysulfides. 
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